Solids with topologically robust electronic states exhibit unusual electronic and optical transport properties that do not exist in other materials. A particularly interesting example is chiral charge pumping, the so-called chiral anomaly, in recently discovered topological Weyl semimetals, where simultaneous application of parallel DC electric and magnetic fields creates an imbalance in the number of carriers of opposite topological charge (chirality). Here, using time-resolved terahertz measurements on the Weyl semimetal TaAs in a magnetic field, we optically interrogate the chiral anomaly by dynamically pumping the chiral charges and monitoring their subsequent relaxation.
Solids with topologically robust electronic states exhibit unusual electronic and optical transport properties that do not exist in other materials. A particularly interesting example is chiral charge pumping, the so-called chiral anomaly, in recently discovered topological Weyl semimetals, where simultaneous application of parallel DC electric and magnetic fields creates an imbalance in the number of carriers of opposite topological charge (chirality). Here, using time-resolved terahertz measurements on the Weyl semimetal TaAs in a magnetic field, we optically interrogate the chiral anomaly by dynamically pumping the chiral charges and monitoring their subsequent relaxation.
Theory based on Boltzmann transport shows that the observed effects originate from an optical nonlinearity in the chiral charge pumping process. Our measurements reveal that the chiral population relaxation time is much greater than 1 ns. The observation of terahertz-controlled chiral carriers with long coherence times and topological protection suggests the application of Weyl semimetals for quantum optoelectronic technology.
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INTRODUCTION
The control of quantum matter with light is at the forefront of condensed matter physics research. Recently, strong optical pumping has been employed to generate exotic electronic states in solids, not present at equilibrium, such as light-induced superconductivity [1] , nonlinear Hall effect [2] , and ultrafast symmetry switch [3] . Among the recently discovered solids, Weyl semimetals have attracted attention because they are predicted to exhibit a host of novel topological properties not seen in other materials [4] [5] [6] . In the electronic band structure of these materials, Weyl fermions with opposite topological charge (chirality) are separated in momentum space around the band-touching points called "Weyl nodes" that are sources and sinks of Berry curvature [4] [5] [6] . An example of a topological Weyl fermions transport effect is the chiral anomaly, where simultaneous application of parallel static electric and magnetic fields pumps the carriers from one Weyl node to the other, unbalancing the number of chiral carriers [7, 8] . Since the Weyl nodes of oppsite chirality are separated in momentum space, the relaxation of chiral anomaly is expected to be slow, similar to long inter-valley scattering of carriers in 2D semiconductors [9] . Recently, terahertz-excited Weyl fermions via chiral anomaly in a Weyl semimetal were proposed as an attractive platform for qubits with large coherence time to gate time ratio [10] . However, terahertz excitation of chiral anomaly and the chiral population relaxation time in a Weyl semimetal have yet to be measured.
Here we demonstrate optical (at terahertz frequencies) excitation and control of chiral anomaly. We employ terahertz pump-probe measurements in a magnetic field on the Weyl semimetal tantalum arsenide (TaAs) to optically modify the dynamical chiral charge pumping and monitor its subsequent relaxation. In these measurements, a strong quasi-continous wave pulse (pump) at 3.4 THz (14 meV ) polarized parallel to an applied magnetic field modifies the chiral current. The change in the chiral current is monitored via reflection measurement of a second, co-polarized weak pulse (probe) at the same photon energy as pump as a function of the time delay between the two pulses. In addition to the expected fast response of hot carrier relaxation, we observe a metastable response ( 1 ns) that we associate with the pump-induced change in the dynamical chiral current. Our study of the chiral anomaly circumvents the problems arising from electrical contacts and current jetting that have plagued electrical magneto-resistance measurements [11] . By using low-energy photons in the terahertz domain, we ensure that only carriers near the Weyl pockets enclosed the Berry curvature monopoles are excited and studied-a condition that has not been met in prior experimental studies reported to date [12] [13] [14] [15] . Our measurements at different magnetic fields, pump fluences, and pump polarizations disentangle the chiral anomaly signals from the pump-induced transient hot carriers effects. In addition to the chiral population relaxation time, these experiments yield the electron cooling rate as a function of magnetic field and polarization in TaAs, which varies widely due to phase space restrictions for scattering between Landau levels. We present a theory, based on the Boltzmann transport equations in the presence of a strong driving optical field, that explains the observed slow relaxation rate.
In the current manuscript, we introduce the concept of the dynamical chiral anomaly and its optical control in a Weyl semimetal. We present the pump-probe results at zero magnetic field are presented and conclude that the response is attributed to the pump-induced hot carriers in TaAs. We show the pump-probe measurement results at various magnetic fields applied parallel to pump/probe polarization, and for different pump fluences, and the results illustrate the ability to optically control the dynamical chiral anomaly. We further confirm our results by showing that for the case in which the pump polarization is perpendicular to the applied magnetic field, no metastable response associated with chiral anomaly is observed.
CONCEPT AND THEORY
The chiral charge pumping process leads to negative DC magneto-resistance (decrease of resistance in the presence of an applied parallel magnetic field) that is unusual among conventional metals/semimetals. The observation of DC negative magneto-resistance in Weyl semiemetals was initially thought to be a conclusive experimental signature of the chiral anomaly [16, 17] . However, it was later found that other classical effects can give rise to similar negative DC magneto-resistance in semimetals, making it challenging for electrical measurements to discriminate the chiral anomaly from other effects such as current jetting [11, 18] . The relaxation time of the chiral imbalance in the Weyl semimetal TaAs was indirectly extracted and estimated to be tens of picoseconds from negative magnetoresistance measurements [17] . However, due to the large momentum separation between the Weyl nodes, the relaxation of unbalanced chiral Weyl carriers to their equilibrium state requires large momentum scattering and is theoretically expected to be much slower [19] . We consider the extreme quantum limit where, upon the application of a magnetic field on a Weyl semimetal, the only occupied Landau levels (LLs) are the N = 0 chiral Landau levels (LL0s). At equilibrium, the two LL0s for a pair of Weyl nodes in Weyl semimetals host equal number of left-and right-moving chiral carriers along the magnetic field. The static chiral charge pumping scheme is illustrated in Fig. 1a , where the application of parallel static electric E and magnetic B fields on a Weyl semimetal unbalances the chemical potentials in the two LL0s with opposite chirality (µ + and µ − ). The chiral charge imbalance relaxes back to equilibrium with the chiral charge relaxation of τ ch .
The chiral anomaly can also be realized in a dynamical fashion where, instead of constant chiral charge imbalance around the two Weyl nodes, their chemical potentials oscillate
antisymmetrically around the equilibrium Fermi energy [20, 21] . As illustrated in Fig. 1b , dynamical chiral anomaly can be achieved by applying an oscillatory optical field of E(t)
at frequency of ω parallel to a static B field. In this case, the chiral carriers oscillate in between the two nodes synchronously with E(t), leading to quasiparticle excitations near the chemical potential energy, illustrated by shaded blue and red regions in Fig. 1b . The density of the quasiparticles generated by dynamical chiral charge pumping isñ ch (ω)/2 in each Weyl node, whereñ ch (ω) is the amplitude of the oscillatory chiral charge imbalance,
n + and n − are densities of carriers with opposite chirality, andẼ(ω) is the complex amplitude representing the magnitude and phase of the oscillating field. The excited quasiparticles relax back to the equilibrium chemical potential by the time constant of τ ch . The associated magneto-optical conductivity to equation (1) is (supplementary information),
where v is the Fermi velocity, and we have assumed ωτ ch 1 in the second equality. We note that the dynamical chiral anomaly scheme is only observable for excitations created by low-energy photons where the Weyl carriers with opposite chirality exists. For TaAs, this condition limits the photon energy tohω < 50 meV (12 THz) [22, 23] . In the limit of ω → 0,
(1) and (2) reproduce the chiral and charge imbalance DC magneto-conductivity associated with the conventional static chiral anomaly [24] . strong optical fieldẼ pump enhances the chiral current generated byẼ||B. WhenẼ pump is turned off, the extra pump-induced chiral carrier distribution (illustrated by a yellow border) slowly relaxes back via inter-Weyl-node relaxation.
We consider the case whereẼ(ω) is sufficiently intense so that the resultingñ ch becomes a nonlinear function of the excitation fieldẼ(ω), similar to anharmonic oscillation of an oscillator under a strong driving force. In this case,ñ ch is not simply sinusoidal and can include harmonics of the driving frequency of ω. This nonlinear scheme is illustrated in the lower right part of Fig. 1b . We note that nonlinear optical response of Weyl semimetals driven by Berry curvature of chiral carriers has been recently explored through measurements of second harmonic generation [12] and the circular photogalvanic effect [13] [14] [15] 25] . In our study, we specifically explore how a strong optical pumpẼ pump can modify and control the chiral anomaly conductivity by driving it to the nonlinear regime. As illustrated in Fig. 1c , the strong optical pumpẼ pump enhances the quasiparticle density produced by dynamical chiral charge pumping in equation (1) . The enhancement is calculated as (supplementary information),
where α ≡ 2/mv 2 and m is the mass associated with the finite Lifshitz transition energy of the Weyl bands which is the origin of the nonlinearity.
The nonlinear contribution δσ NL ch to the chiral anomaly conductivity can be written as
which exhibits a linear dependence on B similar to the linear conductivity in (2).
The optical control of chiral anomaly in dynamical fashion is demonstrated in Fig. 1c .
The nonlinear process described by equations (3) and (4) predicts that the chiral current can be optically enhanced. Furthermore, by driving the chiral anomaly to the nonlinear regime and observing the relaxation dynamics in the time domain, one can measure the chiral charge relaxation with time constant τ ch , i.e. how long it takes for the excited carriers in the chiral Landau level to relax back to the equilibrium chemical potential. Since τ ch is expected to be long, the optical modification of chiral current will be long-lived. As shown in the supplementary information, assuming parameters for TaAs and optical pumping with field strength of 50 kV/cm (achievable in our pulsed THz pumping experiments), δσ NL ch /σ ch ≈ 1, suggesting the optical pumping can fully modify the chiral charge pumping process. We note that the long-lived optical control of chiral charge pumping described by equations (3) and (4) is relevant only in the quantum limit where the carriers occupy only the zeroth Landau level LL0. In the semiclassical regime, where many Landau levels are occupied, the pumpexcited chiral carriers can relax back to equilibrium chemical potential by inter-Landau level scattering within each Weyl node.
WEYL SEMIMETAL SAMPLE
The Weyl semimetal considered in our study is tantalum arsenide (TaAs). Single crystals of TaAs were grown using the chemical vapor transport method with iodine as the transport agent [14] . Unlike the other discovered Weyl semiemtals, TaAs has a Fermi energy very close to the Weyl nodes in the linear regime of the bands, so that the electrons at the Fermi surface behave like massless chiral Weyl fermions [22, 23, 26, 27] . This makes TaAs especially attractive for studies of Weyl fermions interactions with light. TaAs has two types of Weyl nodes namely W1 (4 pairs) and W2 (8 pairs), where W2 nodes are closer to the chemical potential than W1 by about 12 meV [23] . We estimate that for B ≥ 2 T, the W2 Weyl nodes are in the extreme quantum limit, whereas W1 carriers are always in the semiclassical regime occupying few Landau levels (supplementary information). In tantalum arsenide, for ( > ∼ 50 meV) energies, the pairs of Weyl bands merge into single bands, causing Weyl bands and Weyl fermions to exist only at low energy excitation [22, 23] . Also, other than W1 and W2 Weyl bands, the chemical potential in TaAs crosses a non-Weyl band with a band gap of < ∼ 50 meV [22, 23, 28] . Therefore, in order to probe the dynamics of Weyl fermions and not to excite the other non-Weyl carriers in TaAs, photon energy below 50 meV is required.
EXPERIMENTAL SETUP
In order to experimentally test the idea of nonlinear optical control of chiral anomaly and measure the chiral population relaxation time τ ch in a Weyl semimetal, we design pumpprobe experiments at low photon energy (terahertz) in a magnetic field on TaAs. All the pump-probe measurements were carried out using quasi-continuous wave pulses at a photon energy of 14 meV (≡ 3.4 THz), which is well inside the Weyl bands where Weyl fermions with opposite chirality exist [23] . Furthermore, at 14 meV, the photons do not have enough energy to excite additional carriers in the non-topological bands [22] . The experimental pump-probe setup is illustrated in Fig. 2 . The TaAs crystal is mounted inside a magnet with a magnetic field parallel to the ab plane of the crystal. An intense pump pulse polarized parallel to applied magnetic field (E pump B) drives the chiral charge pumping process to the nonlinear regime. In order to monitor the pump-induced change in the conductivity, reflection of a weak probe pulse (E probe B) is measured as a function of the time delay between the pump and probe pulses. Equations (3) and (4) predict pump-induced increase in the quasiparticle density and conductivity. Therefore, the signature of pump-induced nonlinearity in the chiral anomaly is a long-lived positive change in the probe reflection (details in the supplementary information section IV). We note that other nonlinearities are present, such as hot carriers effects, that can contribute to a pump-induced change in the probe reflection. To distinguish those, we carry out measurements at different magnetic fields, pump fluences, and pump polarizations.
Furthermore, since the nonlinearities have different time scales, the time delay scan helps us differentiate various pump-induced nonlinearities.
ZERO MAGNETIC FIELD Fig. 3 shows the pump-probe measurement results without an applied magnetic field. In The zero magnetic field results in Fig. 3a can be understood by the effect of carrier heating in the Weyl bands of TaAs. The pump pulse heats up the carriers in the Weyl bands to a temperature T higher than the initial lattice temperature (10 K). This process leads to the excitation of hot carriers around the Weyl nodes, which elevates the Drude weight by an amount proportional to T 2 in a 3D Dirac/Weyl semimetal [5] . The reflection, which is linearly proportional to the Drude weight, will also increase by ∆R ∝ T 2 . We note that the quadratic increase of reflection with temperature has been previously observed in TaAs [29] and other 3D Dirac/Weyl semimetals [30] . From the temperature dependence of the linear reflection data in TaAs [29] , we estimate the pump-induced carrier temperature rise to be around 50 K for the highest pump fluence considered here. After the pump pulse, the carriers start to cool down via phonon emissions, and the increased reflection relaxes back to the equilibrium value. Thus, the two relaxation time constants of 30 ps and 55 ps are related to the electron-phonon relaxation times. Since both the photon energy (14 meV) and the thermal energy associated with the carrier temperature rise are below the energy of optical phonons in TaAs, the hot carrier relaxation will occur through acoustic phonons [31] .
A possible scenario for electron-phonon relaxation observed in our experiments is that the faster process is a disorder-assisted electron-phonon relaxation process, whereas the slower one is related to conventional electron-acoustic phonon collisions [31] . We note that in graphene, as another Dirac semimetal, similar processes govern the hot carrier relaxations [32, 33] and pump-probe dynamics [34, 35] . For disorder-assisted electron-phonon cooling in 3D Dirac/Weyl semimetals, the carrier temperature rise is T ∝ F 1/4 , where F is the pump fluence [31] . Since ∆R ∝ T 2 , we have ∆R ∝ √ F . Therefore, close to the zero time delay where the disorder-assisted process governs the relaxation, we expect square-root dependence of ∆R/R on the pump fluence F . This is demonstrated in Fig. 3b where we plot ∆R/R around zero time delay as a function of the pump fluence. The dashed curve is a square root fit exhibiting an excellent match to the data.
MAGNETIC FIELD DEPENDENCE
We now discuss the pump-probe measurements in the presence of an applied static magnetic field. In Fig. 4a , we plot the normalized pump-induced relative change in probe reflection for B=0 T (black) and B=7 T (yellow). The two curves exhibit similar pumpprobe responses close to the zero time delay, suggesting that the initial response for B=7 T is also related to pump-induced hot carriers. At longer time delays, when the carriers are expected to be cooled down to the quasi-equilibrium temperature, the pump-probe trace at B= 7 T exhibits a metastable positive response that does not fully recover within the 400 ps measurement range considered here. This suggests a process with a time constant of much greater than 1 ns but smaller than the repetition period of pulses (77 ns). The positive sign of the metastable signal suggests a pump-induced positive change in the conductivity, consistent with the nonlinear chiral charge pumping (equation (3)). Based on this picture, we interpret the metastable process to be the chiral pumping relaxation time τ ch which we estimate to be (1 ns τ ch < 77 ns). This occurs in the N = 0 chiral Landau level, which allows long-lived excitations due to the reduced phase space for scattering. As presented later in this manuscript, the metastable response disappears when E and B are perpendicular to one another. In Fig. 4b , we illustrate the expected pump-probe traces for fast hot carriers response (red), metastable chiral charge pumping response (blue), and the net response (green). As depicted in the right side of plot in Fig. 4b , we define ∆ 1 as the size of the pump-probe signal at zero time delay, and ∆ 2 as the size of the ultraslow signal. The long relaxation time of chiral charge pumping agrees well with theoretical estimations and is expected, given the large momentum transfer needed for carriers to transport between the Weyl nodes [19] . We note that the measured τ ch is much larger than the values inferred indirectly from the negative magnetoresistance measurements [17] , although there reamins uncertainty about whether the negative magnetoresistance measurements are entirely attributed to the chiral anomaly [11] . The observation of terahertz-excited ω = (2π)3.4 × 10
12
rad/s chiral anomaly with a long relaxation time (ωτ ch > 10 4 ) holds promises for applications of Weyl semiemtals in quantum technology [10] . In order to further explore the observed metastable process and its relation to chiral charge pumping, we investigate the dependence of the metastable signal on the applied static magnetic field and the pump fluence.
In Fig. 4c , we show the measured pump-probe traces for variety of applied static magnetic fields from B=0 T to 7 T. The metastable response is present at all nonzero B values. As we increase B, the peak of the pump-probe response at zero time delay shrinks, while the level of the ultraslow signal increases. We extract ∆ 1 and ∆ 2 from the data in Fig. 4b and plot them as a function of the applied magnetic field in the inset. This figure clearly demonstrates the decrease (increase) of ∆ 1 (∆ 2 ) with magnetic field. We note that this behavior is consistent with the origin of ∆ 1 and ∆ 2 to be related to hot carriers and nonlinear chiral charge pumping respectively: As we increase the applied magnetic field from zero, carriers in the W2 Weyl node go to the quantum limit, so that for B ≈ 2 T, all W2 carriers are in LL0 (supplementary information). Since the Drude weight of carriers in LL0
is independent of temperature [36] , the W2 carriers contribution to the initial hot carriers response diminishes as B is increased, and hence the decrease of ∆ 1 . As for ∆ 2 (B), according to (3), the pump-induced nonlinear magneto-optical conductivity increases with B causing the reflection change to increase. This predicts a linear dependence of ∆ 2 on B, which is consistent with the experimental observations, as shown by the dashed blue curve in 
FIG. 4. E pump E probe B (varying B). (a) Pump-induced increase in probe reflection for

B=0 T (black) and B=7 T (yellow) in arbitrary units as a function of pump-probe time delay.
The pump-probe trace at B= 7 T exhibits a very slow response ( 1 ns). The peak around 60 ps is caused by a replica-the reflected pump pulse from the cryostat window. (b) Expected pumpprobe traces for fast hot carriers effects (red), metastable chiral pumping (blue), and the net result (green). ∆ 1 is defined as the maximum pump-induced change in probe reflection which happens around zero time delay, and ∆ 2 characterizes long-lasting reflection changes that does not relax to equilibrium in the considered time delay range. (c) Pump-probe trace for different static magnetic fields applied parallel to pump/probe polarization. The inset shows ∆ 1 (red) and ∆ 2 (blue) as a function of the applied magnetic field.
PUMP FLUENCE DEPENDENCE
We investigate the dependence of ∆ 1 (peak of the pump-probe signal) and ∆ 2 (ultraslow nonlinear chiral anomaly signal) at B = 7 T on the pump fluence. As shown in 
POLARIZATION DEPENDENCE
To further confirm our interpretation of our results, we present the pump-probe measurement results with pump polarized perpendicular to the applied magnetic field, while keeping probe polarized parallel to the field. In this case, we do not expect the pump pulse to excite a dynamical chiral current or change the chiral pumping conductivity. In Fig. 6a , the blue curve is the measured pump-probe response at B = 7 T under these conditions.
First we note that the ultraslow plateau observed for E pump B is absent, supporting the nonlinear chiral charge pumping origin of the ultraslow signal. Comparing the B = 7 T result to B = 0 T in Fig. 6a , two main differences are noted: (i) the fast pulsewidth-limited relaxation process around the zero time delay is no longer present, and (ii) instead of the 55 ps tail, a slower process with the time constant of 288 ps extracted from the exponential fit (red dashed curve) appears. According to the hot carriers nature of the B = 0 T results described earlier, the two differences suggest that the pump-induced hot carriers relaxation processes are strongly suppressed in the presence of an applied magnetic field perpendicular to the pump polarization. This is expected due to the strong reduction of phase space for carriers phonon scattering in highly quantized Landau levels to scatter off the phonons, as illustrated in Fig. 6b . Similar effects have been reported in the from pump-probe measurements on graphene in a magnetic field [37] . Therefore, as expected from equation (3) the observed metastable process for E pump B attributed to pump-induced chiral charge pumping is absent for the case of E pump ⊥ B. In the supplementary information, we present more pump-probe data for E pump ⊥ B case at different magnetic fields and pump fluences that all exhibit time dynamics similar to B = 7 T shown in Fig. 6a . 
CONCLUSION
Our experimental and theoretical results confirm our proposed on a nonlinear optical scheme to manipulate the chiral charge pumping which is a unique transport property of topologically-protected Weyl fermions. Using time-resolved optical techniques, we measure the relaxation of chiral anomaly in the Weyl semimetal TaAs to be very long (τ ch 1 ns). Our findings pave the way for future studies exploring optical control of topological transport phenomena in solids, and investigating long-lived chiral Weyl fermions for quantum optoelectronic applications.
METHODS
Terahertz Pump-probe Measurements in a Magnetic Field: The free electron laser was tuned to produce 30 ps wide pulses at a photon energy of 14 meV and a repetition rate of 13 MHz. The beam was split into pump and probe beams that were delayed relative to one another using a mechanical delayline. The probe pulse is polarized along the applied static magnetic field that is oriented parallel to the a-axis of the TaAs crystal. The pump pulse, which is in all cases more than 20 times stronger than the probe pulse, is co-polarized with the probe pulse, except for the measurements presented in Fig. 6 . The pump and probe beams were overlapped and focused using an off-axis parabolic mirror onto the TaAs crystal located inside a magnet (Voigt geometry). The magnetic field can be tuned from 0 T to 7 T. The TaAs crystal was cooled to a temperature of 10 K for all of the pump-probe measurements. The emerging pump beam was extinguished while the reflected probe beam was measured using a cryogenically cooled bolometer as a function of the pump-probe delay ∆t.
Supplementary Information
This supplemental materials contain the details of the theory we developed to understand the main findings of our optical measurements. We begin by a brief introduction of Weyl nodes appearing in band structure of solids in Sec. S1. Then, since we are interested in the optical transport of the system in the extreme quantum limit, we discuss the transport of the extreme quantum limit in Sec. S2, where only zeroth Landau level (LL0) is occupied. Then, a lattice model for Weyl semimetals and the formation of LLs are presented in Sec. S3.
Details of the pump-probe signal from TaAs alongside with the calculations of the reflection are given in Sec. S4.
S1. WELY SEMIMETALS: GENERAL REMARKS
We consider a doped Weyl semimetal whose low-energy excitations near the nodes are described by the following Hamiltonian:
where the wave vector k = (k x , k y , k z ) is measured from the node and σ is a vector of Pauli matrices. Here, v is velocity and ε F is the Fermi energy. For simplicity we consider the system is composed of two Weyl nodes with opposite chiralities η = ±. In the momentum space the Weyl nodes act as source and sinks of Berry curvature
2 . The chirality of of given node is given by the total flux of the Berry curvature as η = 1/2π Ω η k · dS k , where the integral is taken over a closed surface enclosing the nodes in the momentum space.
S2. OPTICAL EFFECTS IN THE EXTREME QUANTUM LIMIT
The Weyl cones are replaced by dispersive Landau levels in a strong magnetic field. The carriers are transported through the LLs, indexed by n, in an electric field directed along the z axis. The transport is described by the linearized Boltzmann kinetic equation for the node with chirality η as
where f η n (p z ) is the distribution function for electron states with momentum p z in the n-th LL and we take e = −|e|. Here I on the right-hand side denotes the collision integrals.
We assume that the momentum relaxation rate within each valley τ −1 intra is much larger than inter-valley relaxation rate τ −1 , i.e., τ τ intra . Thus, the distribution function f η n (p z ) becomes isotropic in momentum and depends on energy as f
, where ε n (p z ) = ±v 2nh|e|B + p 2 z for n = 1, 2, · · · and ε 0 (p z ) = −ηvp z for n = 0. Therefore (S2) can be rewritten as
Multiplying by n δ(ε − ε n (p z )) and integrating over momentum, the above Boltzmann equation can be cast in the form
where
is the density of states with l B = h/|e|B as the magnetic length and = ε/hvl
B . We use the relaxation time approximation and write the collision integral as
To study the response of the system, we assume a monochromatic incident electric field with frequency ω, i.e. E(t) = Ee −iωt + E * e iωt , disturbs the distribution function as
where the terms f n 's (n ≥ 1) are induced by the electric field. We truncate the series up to second order as [38] 
The (S6) then becomes
To measure the response to the probe field we consider a configuration for the electric fields as E = E pu +E pr , where the lowercase indices denote the pump and probe components, respectively. We calculate the response linear in E pr , while the amplitude itself might have been modulated by the pump field E pr yielding a non-linear signal as discussed below.
Plugging the electric field E(t) in the above equation and equating the terms proportional to e −iωt and e −2iωt , we obtain the following expressions for
1 , where linear and non-linear terms read as
A. Linear magneto-conductivity
At zero temperature the linear term f gives rise to the chiral charge density at the node η n η = dε ν(ε)f
where τ ch = τ (ε F ). It then follows that
(S13)
For E pr B the current density reads as
yielding the following expression for the optical magneto-conductivity
(S15) which, at the DC limit, reduces to the expression obtained in Ref. [24] .
B. Nonlinear optical response
The nonlinear response results from the f 
where α −1 = mv 2 /2. For our cases αε F 1 holds. We further assume that the scattering from the impurities relaxes the momentum. That is, the scattering rate is proportional to the density of states τ −1 (ε) = Aν(ε), where the constant A depends on the scattering strength.
In the regime of interest ωτ 1, the chiral number density δn η = dε ν(ε)f
1 (ε) reads as
and for chiral density pumping we have
(S18)
We also obtain the following expression for the non-linear conductivity
which clearly shows that the signal vanishes for perpendicular field alignments E pu ⊥ B.
Therefore the enhancement observed in the reflection results from the above nonlinear conductivity. In particular we see that the imaginary part is positive as
which is required for the enhancement of reflection. This equation is the same as equation (4) in the main text.
S3. A SIMPLE LATTICE MODEL FOR WEYL SEMIMETALS
We present a simple lattice model for a Weyl semimetal to simulate the essential features such as the isolated touching points between non-degenerate valence and conduction bands in the Brillouin zone. The lattice model reads as
where a and c denote the lattice constants in the ab plane and along the c axis. The Weyl nodes are located at k z = ±Q:
where v = t xy a/h. In the presence of the quantizing field B = Bẑ the Landau levels are obtained via the substitution Π = p + |e|A for canonical momentum p =hk, where in the Landau gauge A = (0, Bx, 0). We use the following commutation relation for
to define lowering and raising boson operators
The Weyl Hamiltonian (S22) is written as 
where γ = ∆ and θ = b .
From Fig. 1(a) in Ref. [21] , we can estimate the permittivity of TaAs at ω =14 meV to 
B. Contribution of Weyl bands to the pump-probe response
There are three sets of energy dispersion bands in TaAs: electron-doped W1 Weyl bands, electron-doped W2 Weyl bands, and topologically-trivial hole-doped bands with a bandgap of ≈50 meV [21, 23] . From optical reflection spectroscopy, the Fermi energy of W1, W2, and hole-doped bands are estimated to respectively be 14 meV, 2 meV, and 20 meV for the samples considered in our study [21] . Based on the numbers from TaAs bandstrucutre calculations [28] , we estimate that for B ≥ 2 T, W2 Weyl bands go to extreme quantum limit where only the zeroth Landau level is occupied.
In the following, we examine the contribution of different bands to the measured pumpprobe response:
Hot carriers response
The initial hot carriers response exhibits a positive change in reflection that is a signature of Drude weight increase. In the gapped hole band, Sommerfeld expansion implies that the chemical potential and hence the Drude weight of carriers decreases with temperature.
This behavior is similar to Drude weight dependence on temperature of semiconductors.
Therefore, the observed Drude weight increase due to the hot carriers has to be from W1 and W2 Weyl bands where hot carrier electron-hole pair production can increase the Drude weight. As we increase the magnetic field, W2 carriers go to extreme quantum limit where they no longer contribute to a temperature-dependent Drude weight. Therefore, for high magnetic fields, W1 carriers only are responsible for the initial hot carriers response. This explains the behavior of ∆ 1 with magnetic field in Fig. 3c of the main part of the manuscript.
Nonlinear chiral charge pumping response
In principle, both W1 and W2 Weyl nodes can contribute to a pump-induced chiral charge pumping processed discussed in our study. For W1 Weyl bands where many Landau levels are occupied, the pump-induced chiral quasiparticles (yellow carriers in 
For W2 Weyl pocket, we have v = 2 × 10 5 m/s, and α = (50meV) −1 [21, 28] . Therefore, for E pump =50 kV/cm, and our measured frequency ofhω = 14 meV, r NL ≈ 1.
D. Chiral charge pumping processes in the pump-probe measurements
In order to provide insight into the dynamics of chiral carriers in the described pumpprobe measurements, in Fig. S1 , we sketch a cartoon image of the chiral charge densityñ ch produced by the probe pulse (E probe B) as a function of the pump-probe time delay ∆t.
For ∆t < 0, i.e. before the pump pulse impinges on TaAs, the chiral charge imbalance isñ ch ∝σ ch E probe (from equation 2 in main text) and hence oscillates synchronously with E probe (similar to Fig. 1b) . At ∆t ∼ 0, when the pump pulse illuminates the TaAs, the chiral anomaly conductivity seen by the probe pulse increases by δσ ch (from (3)), causing n ch to enhance. The conductivity enhancement, which appears as an increase in the probe reflection, continues for ∆t > 0 (i.e. after the pump pulse passed) as long as the quasiparticle excitations produced by the pump-induced chiral charge pumping persist. The picture is that the optical pump creates excited quasiparticles and that these excited quasiparticles modify the optical conductivity measured by the probe. As described before, this process is governed by the chiral pumping relaxation with time constant of τ ch . For ∆t τ ch ,ñ ch relaxes back to the equilibrium oscillations similar to the case for ∆t < 0. 
